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2 13, 19) overwound with fibre filaments (3, 10, 11, 18), whereby the fibre filaments arc wound such that at least a number of fibre 
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FIBRE-REINFORCED PRESSURE VESSEL AND 
METHOD OF MANUFACTURING A FIBRE-REINFORCED PRESSURE VESSEL 

The invention relates to a fibre-reinforced pressure vessel comprising a rigid gas- or 
5 fluid-tight body overwound with fibre filaments. The invention also relates to a method of 
manufacturing a fibre-reinforced pressure vessel comprising a rigid gas- or fluid-tight body 
overwoxmd with fibre filaments. 

Known fibre-reinforced pressure vessels comprise a rigid gas- or fluid-tight body 
overwound with fibre filaments. During the manufacturing of fibre-reinforced pressure vessels 

10 fibre filaments are applied in certain patterns, so tliat when the pressure vessel is imder inte r- 
nal pressure the fibre filaments can absorb tensile stresses. Prior to, during or after winding, a 
binder or resin ( a so-called matrix material) is applied to the body which is (to be) overwound 
or to the fibre filaments. After winding, the matrix material is cured so that the fibre filsunents 
are incorporated in a matrix (the binder or resin). In fibre-reinforced pressure vessels the ma- 

15 trix serves to transfer shear stresses from one fibre filament to another or to the gas- or fluid- 
tight body when the pressure vessel is imder internal pressure. Sometimes extra windings are 
applied to (sections of) the gas- or fluid-tight body in order to absorb mechanical loads result- 
ing from inter alia shear stresses. 

Known methods of manufacturing fibre-reinforced pressure vessels comprise a solidif i- 

20 cation or curing step in order to incorporate tlie wound fibre filaments in a matrix. Curing 
takes time, usually 6 to 8 hours. 

A disadvantage of known pressure vessels and methods of manufacturing the same is 
the need for a sohdification or curii^g step which usually lasts 6 to 8 hours. Another disadvan- 
tage is that for absorbing mechanical loads resulting from inter aha shear stresses extra wind- 

25 ings are sometimes necessary. 

It is an objective of die invention to provide an improved pressure vessel. It is another 
objective of the inventioii to provide a reduction of production costs of fibre-reinforced pres- 
sure vessels. It is yet another objective of the invention to provide an improved method of 
manufacturing fibre-reinforced pressure vessels. 

30 According to a first aspect of the invention one or more objectives are achieved with a 

fibre-reinforced pressure vessel comprising a rigid gas- or fluid-tight body overwound with 
fibre filaments, whereby at least a number of fibre filaments can move freely with respect to 
one another and the fibre filaments are wound such tliat when the pressure vessel is imder 
internal pressure the fibre filaments are loaded exactly in their longitudinal direction. 
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Since the fibre filaments are wound such that, when tiie pressure vessel is under inter- 
nal pressure, they are loaded only longitudinally, they will remain in place during use and a 
matrix will not be required. 

It is further achieved that only just as much fibre material needs to be used as is neces- 
5 sary for exacdy absorbing the mechanical stresses in the pressure vesseL No extra fibre fila- 
ments are necessary, leading to a reduction in weight and to lower costs as compared to 
known pressure vessels. 

Since at least a number of fibre filaments can move freely with respect to one another 
and the fibre filaments are wound such that when the pressure vessel is under internal pres- 
10 sure the fibre filaments are loaded exactly in their longitudinal direction, the fibre filaments in 
that section of the pressure vessel will be displaced with respect to one another when the pres- 
sure vessel for example is damaged. 

Preferably, the fibre filaments can move freely with respect to one another throughout 
the whole of the pressure vessel. 
15 This is advantageous in that no n\atrix material (for example, resin) at all needs to be 

used. Tliis makes a curing step superfluous aiid it leads to lower costs as compared to known 
pressure vessels. 

Preferably, tlie pressure vessel according to the invention has an isotensoid shape, that 
is, a shape whereby when the pressure vessel is under internal pressure the mechanical 
20 stresses are distributed equally among the fibre filaments. In order to provide the pressure ves- 
sel with the desired isotensoid shape a means for axially strengthening the pressure vessel may 
be used. 

Since an isotensoid shape is used, only a minimum number of fibre filaments are 
needed in order to absorb the mechanical stresses in the pressure vessel. 
25 Moreover preferably, the pressure vessel according to the invention has a cylindrical 

shape which is provided with isotensoid end pieces at both longitudinal ends thereof. 

By providing the pressure vessel with a cylindrical shape, it is suitable for use as a gas 

flask. 

Preferably, the pressure vessel according to the invention is provided with a protective 
30 layer, a so-called coating. 

A coating comprising synthetic rubber is particularly suitable as a protective means 
against fire and against small impact and haiidKng loads. 

Preferably, the rigid body of a pressure vessel according to the invention is made of 
high-density polyethene (HOPE) and the fibre filaments are carbon filaments. 
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This combination of materials is advantageous from the viewpoint of production costs 
and the weight and strength of the pressure vessel. 

Preferably, the rigid body of a pressure vessel according to the invention is made of 
high-density polyethene (HDPE) and the fibre filaments are glass fibres. 

This combination of materials, too, is advantageous from the viewpoint of production 
costs and the weight and strength of the pressure vessel. 

A pressure vessel according to the invention can be manufactured in different embodi- 
ments and thus be made suitable for different maximum internal pressures. 

According to a second aspect of the invention one or more objectives are achieved 
tiuough a method of manufacturing a fibre-reinforced pressure vessel comprising a rigid gas- 
or fluid-tight body overwound with fibre filaments, whereby the method of manufacturing 
comprises the steps of: 

a) providing a rigid gas- or fluid-tight body, fibre fUaments and a winding app a- 
ratus; 

b) overwinding the rigid body such that at least a number of fibre fUaments can 
move freely with respect to one another aitd the fibre filaments are wound such 
that when the pressure vessel is under internal pressure the fibre filaments are 
loaded exactly in their longitudinal direction; 

whereby no matrix material (for example, resin) is provided such that the fibre 
filaments would be incorporated in a matrix for that section of the pressure ves- 
sel in which the fibre filaments can move freely with respect to one another. 

By this it is achieved that no more fibre material is used than that what is necessary for 
exactly absorbing the mechanical sh-esses in the pressure vessel. This leads to a reduction of 
the costs of manufacturing of the pressure vessel. 

Preferably, no matrix material at all is provided for in the method according to the in- 
vention. By not providing for a matrix material in the pressure vessel a curing step is made 
superfluous. By this a shortening of the production time is achieved with respect to the time 
which would otherwise be needed for solidification or curing, which usually is 6 to 8 hours. 



35 



The invention is illustrated by way of two embodiments of the pressure vessel and one 
embodiment of the method of maiiufactiiring the pressure vessel with reference to the accom- 
panying drawings. 
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Figure 1 depicts a firsb embodiment of the pressure vessel according to the invention 
having an isotensoid shape; 

Figure 2 depicts a second embodiment of the pressure vessel according to the invention 
5 having a cyhndriceil shape; 

Figure 3 is an axial cross-section view of an end of die pressure vessel of Figure 2; 
Figures 4A and 4B depict cross-sectional views of an example of the rigid body of a 
pressure vessel wiih fibre filaments abutting the rigid body according to the invention; and 
Figure 5 depicts schematically the mechanical load on a fibre filament in its longitud i- 
10 nal direction according to the invention. 

Referring to tiie drawings the two given embodiments of the pressure vessel according 
to the invention are now described. 

Figure 1 depicts a first embodiment of the pressure vessel according to the invention. 
15 Tl^e pressure vessel (1) comprises a rigid gas- or fluid-tight body (2) having an isotensoid 

shape. There are fibre filaments (3) wound around the rigid body (2). There is also an auxiliary 
means (4). In this example the auxiliary means (4) is a means for axially strengthening the 
pressure vessel (1). The auxiliary means (4) is provided with means (5), screw holes in this e x- 
ample, widi which an appendage (not shown) such as a closure member or a pressure valve 
20 can be attached to the pressure vessel (1). 

Figure 2 depicts a second embodiment of the pressure vessel according to the invention. 
The pressure vessel (6) comprises a rigid gas- or fluid-tight body (7) having a cylindrical shape. 
The cylindrical body (7) is provided with an end-piece (8) having an isotensoid shape. The cy- 
lindrical rigid body (7) is shown mounted on a rotation-axis (9) which is used for winding fibre 
25 filaments around tiie rigid body (7). The rigid body (7) has several filaments (10) overwound in 
the circumferential direction of the rigid body (7) (so-called 'hoop windings') and several 
filaments (11) overwound in the longitudinal direction of the rigid body (7) (so-called 'helical 
or polar windings'). 

The rigid body may comprise a thin layer of metal, a thermoplastic or thermo-setting 
30 material, provided that tiie material meets the safety specifications applicable for the substance 
to be contained in the pressure vessel. 

The fibre material is preferably carbon fibre, but it CEm also be any other fibre type 
which can be subjected to tensOe sti-esses, such as E-iype, R-type or S-type glass fibre, p- 
aramide fibre, carbon fibre or fibres of polymers such as polyethene, polyester or polyamide. 
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Figure 3 depicts an axial cross-section view of an end of the pressure vessel (6) accord- 
ing to Figure 2. It shows an end (12) of the cylinder-shaped rigid gas- or fluid-tight body (13) 
and an auxiliary member (14) bordering the rigid body (13). In this example the auxiliary 
member (14) and the rigid body together provide the end (12) with an isotensoid shape. In this 
5 example there are also openings (15) and (16) in the axial direction of the pressure vessel (6). 
This embodiment also depicts how the rigid body (13) and the auxiliary member (14) together 
have been overwound with a layer (17) of fibre filaments (which are shown schematically). 

Figures 4A and 4B depict cross-sectional views of an example of the positions of fibre 
filaments (18) lying against (abutting) the rigid body (19) of a pressure vessel according to the 
10 invention. In this example the fibre filaments (18) are in a cubic closest packing. Figure 4B also 
shows a coating (20) which has been applied to the fibre filaments. 

Figure 5 depicts the load with respect to an arc (AD) of a fibre filament when the pres- 
sure vessel is under internal pressure (f) and the resulting reaction force (F) of the arc (AD) of 
the fibre filament. R represents the radius of the rigid body and dv represents the arc angle. 
15 The fibre filament, of course, also exerts a normal force on the rigid body. 

The following is a description of an example of tlie method of manufacturing - 
according to the invention- a fibre-reinforced pressure vessel comprising a rigid gas- or fluid- 
tight body overwound with fibre filaments. 

20 One first determines die function of the pressure vessel and selects the materials to be 

used for the pressure vessel. Next, one determines a design, that is, the shape of the apparatus 
including parameters such as the volume and dimensions of the vessel, the maximum allow- 
able internal pressure, safety factors, and the dimensions of the outflow openings in the pres- 
sure vessel. A suitable production process is also selected. According to the invention the 

25 process is winding with fibres ('filament winding'). For this process one determines a winding 
pattern appropriate in regard of the shape of die pressure vessel whereby in the winding pat- 
tern the fibre filaments are overwound such that at least a number of fibre filaments can move 
freely with respect to one another and when tlie pressure vessel is under internal pressure the 
fibre filaments are loaded exactly in flieir longihidinal direction. The rigid body thereby is not 

30 to contribute to the absorption of mechanical stresses resulting from the internal pressure. The 
rigid body can be manufactured according to any known method, for example a method using 
a mould and blow moulding or spray moulding or rotation moulding. Subsequently, the rigid 
body is mounted on a winding apparatus ('filament winding machine'). After setting the con- 
trols of the winding apparatus the leading end of a filament to be wound is attached to the 

35 rigid body, tiie rigid body is overwound and the end of the wound filament is fastened. Some- 
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times ihe winding pattern is applied in several stages. In the case of a cylinder-shaped rigid 
body for example, filaments overwound in the circumferential direction (so-called 'hoop 
windings') and filaments overwound in the longitudinal direction (so-called 'helical or polar 
windings') are, for example, applied separately. When applying filaments in the longitudinal 
5 direction (so-called 'helical or polar windings') first an auxiliary member is positioned against 
the rigid body and then the auxiliary member is also overwound with fibre filaments. After the 
rigid body has been completely overwound, the pressure vessel is optionally provided with a 
coating, preferably of synthetic rubber. The pressure vessel is optionally provided with an ap- 
pendage. 

10 The fibres are applied by means of winding, so-called filament winding Since the fibre 

filaments are overwound such that, when the pressure vessel is under internal pressure, they 
are loaded only in their longitudinal direction, they will stay in position during use and a m a- 
trix wiU not be necessary. Preferably, no matrix material (for example, resin) at all is provided. 
The fibres are not impregnated or glued or fastened to the rigid body, of course except 

15 for the leading end of the very first fibre filament to be overwound. Attachment of the fibre 
filament can also take place by forming a knot m the fibre filament. Impregnation is usually 
understood to include partial or complete penetiadon of any matrix material in or between the 
fibre filaments. Thus, in the pressure vessel according to the invention no matrix material 
penetrates in or between the fibre filaments because no matrix material is used. Matrix material 

20 is usually a resin, synthetic resin or an elastomer. Furthermore, the rigid body can move freely 
with respect to the fibre filaments. 

In the method according to the invention tliere is no solidification or curing step at all, 
thus not prior to, during or after winding. 

Optionally, a flexible or a rigid protective layer, a so-called coating, can be provided on 

25 top of the fibre filaments. This coating is fire-proof and not constructively supporting, and it 
serves only to protect the fibre filaments against external influences such as cutting or abrasive 
actiorw, chemicals and against the influence of humidity or Ught. Provision of this coating is 
not essential for performing the primary function of a pressure vessel, namely safe contain- 
ment of a substance under pressure. 

30 The coating, if provided for, can be formed from an elastomer or it can comprise a rigid 

shell of metal or of a thermplastic or thermo-setting material. Preferably, the coating is made of 
sjmthetic rubber. 



A pressure vessel according to the invention can be used in particular for containing or 
35 transporting substances under pressure, such as propane, butane, CNG (compressed natural 
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gas), air, water and cryogen substances such as liquid nitrogen or liquid oxygen. Depending on 
the substance to be contained or transported, a pressure vessel according to the invention can 
be manufactured for a working pressure of 0-5 bar (for example for hot water in an expansion 
vessel), 0-10 bar (for example for liquid oxygen or liquid nitrogen or for propane gas or butane 
5 gas or a mixture thereof in gas flasks intended for use in households and at ambient tempera- 
tures), 0-35 bar (for example for propane gas or butane gas at elevated temperatures), 0-100 bar 
(for example for LPG in fuel tar\ks intended for use in motor vehicles), 0-300 bar (for example 
for CNG or compressed air), and 0-600 bar for cryogenic gas systems in space technology ap- 
plications. 

10 The invention described above has the impact of a breakthrough in the field of winding 

technology, ici particular by overcoming the technical prejudice that use of a matrix material 
such as a resin is essential for fibre-reinforced pressure vessek. The invention is therefore con- 
sidered to have a broad scope and not to be limited to only the above-described embodiments. 
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CLAIMS 
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1. Fibre-reinforced pressure vessel (1, 6) comprising a rigid gas- or fluid-tight body (2, 7, 13, 
19) overwound with fibre filaments (3, 10, 11, 18), whereby at least a number of fibre fUa- 

5 ments (3, 10, 11, 18) can move freely with respect to one another and the fibre filaments (3, 
10, 11, 18) are wound such that when the pressure vessel is under internal pressure, the fibre 
filaments (3, 10, 11, 18) are loaded exactly in tKeir longitudinal direction. 

2. Fibre-reinforced pressure vessel (1, 6) according to claim 1, whereby all wound fibre fil a- 
10 ments (3, 10, 11, 18) can move freely with respect to one anotiier. 

3. Fibre-reinforced pressure vessel according to claim 1 or claim 2, whereby the pressure vessel 
(1) has an isotensoid shape. 

15 4. Fibre-reinforced pressure vessel according to claim 1 or claim 2, whereby the pressure vessel 
(6) has a cylindrical shape. 

5. Fibre-reinforced pressure vessel according to any preceding claim, whereby the pressure 
vessel (1, 6) is provided with a coating (20). 

20 

6. Fibre-reinforced pressure vessel according to claim 5, whereby the coating (20) comprises 
synthetic rubber. 

7. Fibre-reinforced pressure vessel according to any of claims 1-6, whereby the rigid body (2, 7, 
25 13, 19) is made of high-density polyethene (HDPE) and the fibre filaments (3, 10, 11, 18) are 

carbon fibres. 

8. Fibre-reinforced pressure vessel according to any of claims 1-6, whereby the rigid body (2, 7, 
13, 19) is made of high-density polyethene (HDPE) and the fibre filaments (3, 10, 11, 18) are 

30 glass fibres. 

9. Fibre-reinforced pressure vessel according to any of claims 1-8, whereby the pressure vessel 
(1, 6) can withstand a working pressure in tlie range of 0-5 bar. 
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10. Fibre-reinforced pressure vessel according to any of claims 1-8, whereby tiie pressure vessel 
(1, 6) can withstand a working pressure in the range of 0-10 bar. 

11. Fibre-reinforced pressure vessel according to any of claims 1-8, whereby the pressure vessel 
5 (1, 6) can withstand a working pressure in the range of 0-35 bar. 

12. Fibre-reinforced pressure vessel according to any of claims 1-8, whereby the pressure vessel 
(1, 6) can withstand a working pressure in the range of 0-100 bar. 

10 13. Fibre-reinforced pressure vessel according to any of claims 1-8, whereby tiie pressure vessel 
(1, 6) can withstand a working pressure in the range of 0-300 bar. 

14. Fibre-reinforced pressure vessel according to any of claims 1-8, whereby the pressure vessel 
(1, 6) can withstand a working pressure in the range of 0-600 bar. 

15 

15. Fibre-reinforced pressure vessel according to any of claims 9-11, suitable for use as a gas 
flask for propane or butane or a mixture thereof for household uses. 

16. Fibre-reinforced pressure vessel according to claim 12 or claim 13, suitable as a fuel tank, in 
20 particular for LPG, for use in motor vehicles. 

17. Fibre-reinforced pressure vessel according to claim 13 or claim 14, suitable as a fuel tank for 
CNG or compressed air. 

25 18. Fibre-reinforced pressure vessel according to claim 14 suitable for use as a cryogenic gas 
system in space technology applications. 

19. Fibre-reinforced pressure vessel according to any preceding claim, whereby the pressure 
vessel (1, 6) is provided with an appendage, for example a closure member or a pressure 
30 valve. 



20. MeOiod of manufacturing a fibre-reinforced pressure vessel comprising a rigid gas- or 
fluid-tight body overwound with fibre filaments, whereby the method comprises the steps 
of: 
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a) providing a rigid gas- or fluid-tight body, fibre filaments and a winding app a- 
ratus; 

b) overwinding the rigid body such that at least a number of fibre filaments can 
move freely with respect to one another and the fibre filaments are woimd such 
that when the pressure vessel is under internal pressure vessel the fibiB fila- 
ments are loaded exactly in their longitudinal direction; 

whereby no matrix material (for example, resin) is provided such that the fibre 
filaments would be incorporated in a matrix for that section of flie pressure ves- 
sel in which the fibre filaments can move freely with respect to one another. 

21.Method of manufacturing according to claim 20, whereby no matrix material at all is pro- 
vided. 



2ZMould for use in manufacturing a fibre-reinforced pressure vessel according to claim 20 or 
ckimZl. 



wo 01/57429 



PCT/NLOl/00075 



1/5 




Figa 



SUBSTITUTE SHEET (RULE 26) 



7 

Fig^ 



SUBSTITUTE SHEET (RULE 26) 



wo 01/57429 



PCT/NL0i;00075 




SUBSTITUTE SHEET (RULE 26) 



wo 01/57429 



PCT/NLOl/00075 




SUBSTITUTE SHEET (RULE 26) 



wo 01/57429 



PCT/NLOl/00075 



5/5 




SUBSTITUTE SHEET (RULE 26) 



Application No 

I PCT/NL 01/00075 



A. CLASSIRCATION OFSUBJECT MATTER 

IPC 7 F17C1/06 F16J12/00 



PalenI Classificalion (IPC) Of lo both national nlassHlcaiion and IPC 



B. FIELDS SEARCHED 



IPC 7 F17C F16J 



(classitlcalion system followed by classification symbols) 



Documentation searctted olfier than minimum documentation lo the extent that such do 



EPO-Internal , WPI Data, PAJ, COMPENDEX, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



KOPPERT J.J. AND BEUKERS A.: "Full 
Composite Isotensoid Pressure Vessels or 
How Composites Can Compete with Steel" 
SAMPE JOURNAL, 

vol. 36, no. 6, November 2000 (2000-11), 

pages 8-15, XP001004787 

AZUSA, CA, US 

ISSN: 0091-1062 

abstract; table 1 

page 10, column 1 

EP 0 319 439 A (MILLET SOCIETE ANONYME) 
7 June 1989 (1989-06-07) 

column 3, line 22 - line 31; figure 1 
column 3, line 46 -column 4, line 13 
column 4, line 20 - line 35 



1-11,16, 
17,19-22 



1-4, 
9-14, 
19-21 



0 



Special categories of died documents : 




• later document published after the in 
or pnorily dale and not in conttld Wli 
cited to understand Ihe principle or theory underlying m 



ments, such combination being ot 
in the art. 

ie same patent family 



28 May 2001 


06/06/2001 


Naine and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRijswiik 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Bertin, S 



PCT/Nl 01/00075 



C.(ContinuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation ot document, with indication.where appropriate, of ttie relevant passages 


Relevant to claim No. 




EP 0 666 450 A (URENCO DEUTSCHLAND GMBH) 

9 August 1995 (1995-08-09) 

page 2, line 57 -page 3, line 9; figures 

1-3 

page 3, line 26 - line 39 
page 4, line 14 - line 22 


1-22 


A 


US 3 184 092 A (H J C GEORGE) 

18 May 1965 (1965-05-18) 

column 1, line 36 - line 46; figures 1,2 

column 2, line 27 - line 30 


1-22 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 1998, no. 10, 

31 August 1998 (1998-08-31) 

& JP 10 119138 A (MITSUBISHI HEAVY IND 

LTD), 12 May 1998 (1998-05-12) 

abstract 


1-22 



Foim PCT/ISA/210 (conllnuaioil ol seoDnd shesl) (July 1992) 







1 PCT/NL 01/00075 


Patent document 
cited in search report 


Publication 
date 


Patent tamiiy 
member(s) 


Publication 
date 


EP 0319439 A 


07-05-1989 


FR 
AU 
JP 


2623874 A 
2588288 A 
1303400 A 


Q2-06-1989 
01-06-1989 
07-12-1989 



EP 0666450 A 09-08-1995 NONE 



US 3184092 A 18-05-1965 CH 359673 A 31-01-1962 

DE 1162648 B 06-02-1954 
FR 1243920 A 18-01-1951 



JP 10119138 A 12-05-1998 NONE 



f orni PCTnSA/210 (patent family annex) (Jul/ 1992) 



